Comparison of the Lambert W-Function Based Solutions to the Colebrook Equation
Structured abstract:
Purpose: The Colebrook equation for determination of hydraulic resistances is implicit in fluid flow friction factor and hence it has to be approximately solved using iterative procedure or using some of the approximate explicit formulas developed by many authors.
Design/methodology/approach: Alternate mathematically equivalents to the implicit Colebrook equation in explicit form with no approximation involved actually exist.
Findings: These alternate equations were developed using Lambert W-function. The paper compares various implementations of the Lambert W methodology and shows that some of these are less able than others to yield solutions using modern computer hardware. This is because the functions require the evaluation of terms with numerical values outside the ranges that can be expressed on most computers.
Research limitations/implications: Some of existed transformations cannot be applied for high values of relative roughness of inner pipe surface and the Reynolds number. This limitation applied only for computer computations. Other presented transformations do not sufferer of this limitation.
Practical implications: Presented procedures can be easily implemented in a computer code.
Recommended solution can be used in all cases that can occur in engineering practice.
Originality/value: Here will be shown some possible practical procedures for solution to the transformed Colebrook equation. Accuracy analysis and comparisons of presented formulas are also performed. Recommendation for use is shown. 
The Colebrook equation has two parts, i.e. turbulent smooth and turbulent rough part which can be noted separately. The Colebrook equation unites these two parts in one coherent equation but also Colebrook was not attempting to find some sort of approximation to a sum of the smooth and rough expressions. Actually, Colebrook was seeking a combined equation that is asymptotic to the smooth and rough expressions. This new coherent equation covers transitional zone between smooth and rough regime. First addend in bracket of previous equation is implicitly given and it represents smooth regime (2).
Similarly the rough portion of turbulence is represented by second addend of the Colebrook After that implicit expression in the Colebrook equation can be replaced with the Lambert Wfunction while its second so called "rough" addend remains untouched (5). (5) 
Solutions of alternate equations, accuracy requirements and error distribution
The main aim of this paper is not to investigate accuracy or computational burden (i.e. Since the Lambert W is transcendental function, its formal solution can be expressed only in endless form (7). Similar as using iterative solution, accuracy of formal solution depends on number of terms used to form "tower" in eq. (7).
After Boyd (1998), instead W=W(x) it is convenient to define a new function ω=ω(y) as auxiliary tool (8). (2000) proposed approximate solution for the upper branch of the Lambert Wfunction which is valid for solution of here presented problem (9). Also, improved version eq. (9) can be seen in Barry et al (2000) . 
Winitzki (2003) also proposed global approximation to the Lambert W-function (10).
Two numerical examples are solved in tables 1 and 2 using formulas shown in this section of the text. These two examples are marked also in figure 1 and 3 to 9. The implicit Colebrook equation today can be easily solved using some kind of spreadsheet solvers (iterative solution). Here will be used as standard, solution calculated using MS Excel ver. 2007. Since iterative solution after enough number of iterations can be accepted as accurate, it will be used for comparisons in examples 1 and 2. Approach with set of equations (5) will be used in table 1 while approach with set of equations (6) will be used in table 2. (6) Main difference between the calculation in table 1 and table 2 is in the argument of the Lambert W-function x and x 1 , respectively. Argument x is never too large for computer register while in other approach, argument x 1 is. Of course, argument x is not too large only if the Reynolds number and relative roughness are in the range which occurs in engineering practice.
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